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Structure of the new LDPC codes 

Parity check matrix: n- code length, k - number of user bits, redundancy r=n-k 
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fsj Example: Kirkman 163: J=3, m=163, t=27, n=mt=4401 

Q (57) Abstract: A method of generating low density parity check codes for encoding data includes constructing a parity check ma- 
trix H from balanced incomplete block design (BIBD) in which a plurality B-sets which define the matrix have no more than one 
^* intersection point. The parity bits are then generated as a function of the constructed parity check matrix H. 
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AMENDED CLAIMS 

[received by the International Bureau on 07 October 2002 (07.10.02); 
Original claims 1 replaced by new claim 1; claims 2 and 3 cancelled; 
original claims 4-18 renumbered to 2-16 (3 pages)] 

1. A method of generating low density parity check codes for encoding data, 
the method comprising: 

constructing a parity check matrix H having a balanced incomplete block 
design (BIBD) in which a plurality B-sets which define the matrix 
have no more than one intersection point, the parity check matrix H 
being constructed such that for each vxv sub-matrix of the parity 
check matrix H, v being the number of bits in each row and column 
of each sub-matrix, each column of the sub-matrix contains the 
same number of 1/s as all other columns of the sub-matrix, and such 
that for each vxv sub-matrix of the parity check matrix H, each 
column after a first column is a circular shift of the first column; and 

generating parity bits as a function of the constructed parity check matrix 
H. 

2. The method of claim 1, wherein constructing the parity check matrix 
further comprises constructing the parity check matrix H such that each column 
of the matrix contains the same number of l's as all other columns of the matrix. 

3. The method of claim 2, wherein constructing the parity check matrix 
further comprises constructing the parity check matrix H such that no pair of 
columns in the parity check matrix contains two l's at the same positions. 

4. The method of claim 3, wherein constructing the parity check matrix 
further comprises constructing the parity check matrix H such that the BIBD is a 
pair (V,B), where V is a v-set and B is a collection of b -subsets of V , eachfc- 
subset defining a block, such that each element of V is contained in exactly r 
blocks, and such that any 2 -subset of V is contained in exactly X blocks, and 
wherein X is equal to 1. 

5. The method of claim 4, wherein a (v, M) -BIBD is a BIBD with v points, 
block size k , and index X , and wherein constructing the parity check matrix 
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further comprises constructing the parity check matrix such that it has a (v, k y l) - 
BIBD. 

6. The method of claim 4, wherein constructing the parity check matrix 
further comprises constructing the parity check matrix such that it is a has a 
(v,3,l)-BIBD. 

7. The method of claim 4, wherein constructing the parity check matrix 
further comprises constructing the parity check matrix such that it is a has a 
(v,2,l)-BIBD. 

8. The method of claim 5, wherein the parity check matrix includes t sub- 
matrices [H y /^...J/Jsuch that H=[H x H 2 ...H t ], and wherein m is a column 
vector consisting of (t-\)v data bits, generating the parity bits further comprising 
generating a column vector p consisting of v parity bits using the relationship 

[H x H 2 ...H t _ l ]xm = H t xp. 

9. An encoder (208, 400, 500, 600) for encoding message data with a low 
density parity check code, the encoder comprising: 

a first matrix vector multiplier (MVM) (345, 405, 505, 605, 610) which 

receives a v-bit set of message data and multiplies the v bit set of 
message data by a first column of a first sub-matrix of a low density 
parity check matrix H having a balanced incomplete block design 
(BIBD) in which a plurality B-sets which define the matrix have no 
more than one intersection point, the first MVM producing a first 
MVM output as a function of the multiplication; and 

a second MVM (360, 510, 615) which receives the first MVM output and 
generates parity bits by multiplying the first MVM output by the 
inverse of a first column of a last sub-matrix of the low density 
parity check matrix H. 

10. The encoder of claim 9, wherein the first MVM comprises a plurality of 
first MVM units (345, 405, 505, 605, 610) each receiving a different v-bit set of 
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message data and multiplying its corresponding received v-bit set of message 
data by a first column of a different one of a plurality of sub-matrices of the low 
density parity check matrix H, the first MVM producing the first MVM output as 
a function of a combination of the multiplication results in each of the plurality of 
first MVM units. 

11. The encoder of claim 9, wherein for each vxv sub-matrix of the parity 
check matrix H, v being the number of bits in each row and column of each sub- 
matrix, each column of the sub-matrix contains the same number of l's as all 
other columns of the sub-matrix. 

12. The encoder of claim 11, wherein for each vxv sub-matrix of the parity 
check matrix H, each column after a first column is a circular shift of the first 
column. 

13. The encoder of claim 12, wherein each column of the parity check matrix 
H contains the same number of l's as all other columns of the parity check 
matrix. 

14. The encoder of claim 13, wherein no pair of columns in the parity check 
matrix H contains two l's at the same positions. 

15. The encoder of claim 14, wherein the parity check matrix H is a (v, k, X) - 
BIBD, where a (v,M)-BIBD is a BIBD with v points, block size k , and index X, 
and wherein index X is equal to one. 

16. An apparatus for encoding digital information with a low density parity 
check code, the apparatus comprising: 

an input which receives a sequence of message bits; and 
means for generating parity bits as a function of the sequence of message 
bits and as a function of a parity check matrix H having a balanced ■ 
incomplete block design (BIBD) in which a plurality B-sets which 
define the matrix H have no more than one intersection point. 
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